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SUMMARY

Velocity potentials and pressure distributions due to various
leteral motions are derived for a family of thin isolated vertical talls
with arbitrary sweepback and teper ratio by applying linearized thin-
airfoll theory for supersonic speeds. Motions considered in the analysis
are steady rolling, steady yawing, and constant lateral acceleration.
For the particular cases of triangular (half-delta) and rectangular
vertical tails, integrated forces and moments expressed in the form of
stabllity derivatives are also derived. All results are, in general,
appliceble at those supersonic speeds for which both the tall leading
and trailing edges are supersonic. For purposes of completeness, anal-
ogous expressions snd derivatives for sldeslip motion obtained primarily
from other sources are included.

Expressions for potentials, pressures, and stability derivetives
are tebulated. Curves for the stability derivatives are presented
which ensble rapld estimation of their values for given values of aspect
ratio end Mach number. TIn order to indicate the importence of end-plate
effects, several comparisons are shown of the derived results (based on
a zero-end-plate analysis) with those corresponding to a complete -end-
plate analysis.

TWTRODUCTION

Detailed knowledge of the loading, forces, and moments acting on
vertical tails undergoing various maneuvers 1s a necessary prerequisite
for determining the lateral dymamic behavior of aircraft traveling at
supersonic speeds. The information presently available 1s, in many
instances, insufficient to enable reliable estimates to be made of the
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contribution of the vertical tail to alrplane stability. Aslde from
calculations for several "slender" configurations (e.g., refs. 1 to 7),
most of the theoretlical efforts along these lines have been restricted
primarily to sideslip motion (refs. 8 and 9). A recent paper (ref. 10)
treats the calculation of pressures, forces, and moments due to several
types of lateral motion acting on thin, isolated, triangular vertical
tails. The range of speeds consldered therein requires that the tail
leading edge be subsonic and the tall trailing edge supersonic.

The present paper 1s also concerned with the calculation of
pressures, forces, and mcments acting on thin isolated vertical talls
subJect to various lateral motions. The speed range for the present
investigation, however, is higher than that of reference 10; both the
leading and tralling edges of the vertical tall must be supersoniec.

The vertical tail is of falrly general plan form having aerbitrary sweep-
back, aspect ratio, and taper ratio (tip and root chords parallel).

Four motions are treated: steady rolling, steady yawing, constant slde-
slip, and constant lateral acceleration.

The half-delte and rectangular vertlcal tails are analyzed in detall.
Forces and moments (expressed in the form of stability derivatives) and
thelr variations with Mach number and aspect ratio are presented in a
gseries of simple charts. In order to galn gome Insight into the possible
effects of an end plate, several of the derived results are compared with
corresponding calculations based on a complete-end-plate analysis. (A
complete~-end-plate analysils lmplies that the horizontal tail acts as a
perfect reflection plane.)

SYMBOILS
X,¥,2 Cartesian coordinates used in analysis (see fig. 2(a))
' free-stream or flight velocity (see fig. 2)
P density of air
q dynemic pressure, % pV2
0] perturbation velocity potential due to particular

motion under consideration, evaluated on negative
y-side of tail surface (see fig. 2)

AD difference in perturbation velocity potential between
two sides of tail surface, o(x,07,2) - o{(x,07,2)
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AP/q

coefficient of pressure difference between two sides
of tall surface due to particular motion under
consideration, positive in sense of positive side
force (see fig. 2)

v

Mach number,
Speed of sound

span of vertical tail

root chord of vertical tail

taper ratio, Tip chord/Root chord

slope of tall leading edge; cotangent of leading-
edge sweepback angle (see fig. 1)

aspect ratio of vertical tail, b2/s
area of vertical tail
angle of sideslip

angulaer velocities about x- and z-axes, respectively
(see fig. 2)

time

rate of change of B with time, dp/dt
side force

yawing moment

roliing moment

side-force coefficient, Y/qS
yawlng-moment coefficient, N/gSb
rolling-moment coefficient, L'/qgSb
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Subscripts:

1,2 components used for B-derivatives
B=1 due to unit sideslip condition
r=1 due to unit yawing condition
Abbrevisations:

L.E. leading edge

T.E. trailing edge

A1l angles are measured in radians.

ANATYSTS

Scope

The general vertical-tall plan form considered herein is showm in
figure 1(a). The leading edge has arbitrary sweepback and the trailing
edge may be elther sweptback or sweptforward; the root and tip chords
are parallel to each other and the taell is tapered in the conventional
sense. The permissible ranges of sweep, aspect ratio, and taper ratio
Tor any given Mach number are determined by the conditions (indicated
in fig. 1) that both the leading and trailing edges remain supersonic
and that the Mach line emanating from the leading edge of the root
chord does not intersect the tip chord.

Expressions based on linearized supersonic-flow theory are obtained
for the perturbation veloclty potentials and pressure distributions due
to steady rolling, steady yawing, and constant lateral acceleration.

For purposes of completeness, analogous resgults for constant sideslip
motion obtainable, in general, from reference 8 are included. The
expressions, which are derived for the condition of zero geometric angle
of attack and which are valld for low rates of angular velocities, small
sideslip angles, and small angle-of-sideslip variation with time, are
tabulated so that they may be utilized conveniently in the calculation
of load distributions and the corresponding forces and moments for the
general sweptback tapered tail surface.

Iwo important members of the general vertical-tail family are
considered in detail. These are the rectangular tail (shown in fig. 1(b))
and the triangular tail with an unswept trailing edge, that is, the half-
delta tail (shown in fig. 1(c)). For these tails, closed-Torm expressions
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are derived for the side force, yawing moment, and rolling moment due
to each motion. The resulting formulas are expressed in the form of
stability derivatives and are tabulated; simple charts are presented
which permit repid estimation of the 12 stability derivatives for given
values of aspect ratio and Mach number.

Three systems of body axes are employed in the present paper. For
plan-form integrations and in the derivation and presentation of velocity
potentials and pressures, the conventlonal enalysis system shown in
figure 2(a) 1s utilized. 1In order to maintain the usual stebility system
of positive forces and moments, the axes systems shown in figures 2(b)
and 2(c) are used in formulating the stabllity derivatives. A teble of
transformation formulas is provided which enables the stability deriva-
tives, presented herein with reference to & center of gravity (origin)
located at the leading edge of the root chord (fig. 2(b)), to be
obtained with reference to an arbitrary center-of-gravity location

(fig. 2(c)).

Basic Considerstions

The calculation of forces acting on the vertical tail essentially
requires a knowledge of the distribution of the pressure difference
between the two sides of the tail surface. This pressure-difference
distribution 1s expressible in terms of the perturbation-velocity-
potentlal dlfference or "potentlal jump across the surface" AQ by
means of the linearlzed relationship

AP 2 o IS}
—_— = = |V — (p 4 — ACP ]
q V2< ox ot ) (1)

Inasmuch as for the present investigation thin isolated tall surfaces
are consldered and thus no induced effects are present from any neigh-
boring surface, the perturbation velocity potentials on the two sides
of the tail are equal in magnlitude but are of opposite sign. Equa-
tion (1) may then be rewritten in terms of the perturbation veloclity
potential ¢ as follows:

o k20, 39 ‘
T v2<vax+at> @

where ¢ 1is evaluated on the negative y-gide of the tail surface.

The basic problem, then, is to find for each motion under consider-
ation the perturbatlon-veloclity-potential function ¢ for the various
tall regional areas formed by plan-form and Mach line boundaries. (See,
for example, the sketch given in teble I.)

w
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For time-independent motions, such as steady rolling, steady yawing,
and. constant sideslip, the potential functlons are of course independent
of time (i.e., the last term in egs. (1) and (2) venishes) and may be
determined by the well-known source-distribution method utilizing the
area-cancellation—Mach line reflection technique of reference 11. The
mathematical details are not presented herein, because it is felt that
previous papers dealing with wing problems (e.g., refs. 12 to 15) have
applied the basic method in sufficlent detail. The main difference to
be noted i1s that the root chord of the isolated vertical tail is, in
effect, another free subsonic edge similar to the tip chord and must be
treated accordingly. Actually, tall regions I and TIT (refer to the
sketch in table I) are not affected by the additional tip, and wing
results in these regions for constant angle of attack (ref. 15), steady
rolling (ref. 15), and steady pitching motion (ref. 13) are applicable
to constant sideslip, steady roclling, and steady yawing motions, respec-
tively, for the vertical teil, provided appropriate changes in coordi-
nates are introduced and the proper sign convention is maintained.

The time-dependent motion considered in the present paeper, that is,
constant lateral acceleration, can be analyzed in a menner analogous to
that used for a wing surface undergoing constent vertical acceleration
(e.g., refs. 16 to 18). By following this procedure, the basic expres-
sions for the perturbation velocity potential and pressure coefficient
(evaluated at time +t = O) may be derived as follows:

? = -B[ME Pr=1 - ( - fTV)qJB l:] (3)
%z —B% ﬁ(%g)ﬁl <AP>B_:L V2 B_] W

Equations (3) and (4) may be deduced directly from equations (1) and
(2) of reference 18, provided the corresponding tail motion 1s substi-
tuted for each wing motion and, further, that care is exercised in
preserving the conventional system of positive forces and moments. The
choice of time + = O in equation (4) was made for purposes of conven-
ience and simplicity, inasmuch as the pressure due to constant sideslip
is eliminated, and thus only the increment in pressure due to time rate
of change of sideslip, thet is, B, remains.

The right-hand sides of equations (3) and (4) are composed of terms
involving steady or time-independent motlons, in particular, the motions
previously discussed in this section. Thus, once the potentials and
pressures are determined for steady yawing and constant sideslip,
corresponding expressions may be obtained for constant lateral accelera-
tion by use of equations (3) and (4).
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Derivation of the potentials and pressures for the various regions
of the general tall plan form under consideration have been carried out
for each motion by using the methods and techniques discussed. Tabula-
tions of the potential and pressure-distribution functions are given in
tables I and II for constant sidesllp, in tebles IITI and IV for steady
rolling, in tables V and VI for steady yawing, and in tables VII and VIIT
for constant lateral acceleration.

The forces and moments acting on the vertical tail due to each motion
may be obtained by plan-form integretions of the appropriate potential
and pressure functions and may be given as follows (the center of gravity
is assumed to be at the leading edge of the root section):

Tip AT.E.
Y = qf f & ax dz (5)
Root YL.E. @
Tip HT.E.
= -q f f LR y ax dz (6)
Root YL.E. 4
Tip NT.E.
L' = q f QP- zZ d_x dZ (7)
Root YIL.E. 9

For steady motions, aF _ -% %9 and thus the first Iintegration with
q X

respect to x 1in equations (5) and (7) yields ®; hence, equations (5)
and (7), when applied to steady motions, reduce to essentially a single
integration involving the potential function.

The nondimensional force and moment coefficlents and corresponding
stablility derivatives are directly obtainable from the definlitions glven
in the list of symbols. TFor example,

o, - (2
b
Fo
v r—0
= {9 [N
BQ gsb
-V r—0
B Tip AT.E.
= —a— .-.....].‘_.f f é-E—)Xd_XdZ
b\ 5P Jgeot YI.E. 2
B \ r—0
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Inasmuch as the various pressure coefficients are linear with reference
to their respective angular velocities, attitude, or acceleration (i.e.,
linegr in p, r, B, or B), the partial derivative in the preceding

example may be replaced by 1 and the derivatilve Cnr is then
rb/V
expressed as
Tip T.E.
Cpn, = - 1 JF JF &P x dx dz (8)
Sb2 % Root YL.E. 4

Corresponding expressions for the 11 other derivatives CYB, CnB, CIB’
C C C C C C+r. C and C may be obtained in &
Y.’ 1p? YP: np’ ZP’ }_’B) ng’ Z'B ¥ n

analogous manner.

In the present paper, the triangular vertlcal tail with unswept
trailing edge (half-delta) and the rectangular vertical tail have been
eanalyzed in detail. The results obtalined upon performing the plan-~-form
integrations and other mathematical operations indicated in the previous
discussion are tabulated in table IX. For convenience, & table of
transformation formulas is presented (teble X) which ensbles the derived
results for the stability derivatives (table IX) to be expressed with
respect to an srbitrary center-of-gravity location.

COMPUTATIONAL RESULTS AND DISCUSSION

The formulas for the stability derivatives given in table IX are
seen to be functlions of the tall aspect ratico A and the Mach number

paerameter B =yM2 - 1. Use of the combined parameter AB as the
ebscigsa variable and appropriate choice of derivative parameters as
the ordinates allow the analytical results for most of the stability
derivatives to be expressed graphically by means of a single simple
curve; the stability derivatives due to B-motlon require two curves.
Figures 3 to 8 present the results for the half-delta tall and fig-
ures 9 to 13 present the snalogous results for the rectangular tail.
The lower limit AB = 2 for the half-delta verticel tail corresponds
to the sonic-leading-edge condition; values of AB < 2, for which the
tall leading edge is subsonic, are considered in reference 10. The
lower limit AB = 1 for the rectangular vertical tall corresponds to
the condition where the Mach line from the leading edge of the root
chord intersects the trailing edge of the tip chord. Calculation of
the derivatives for the situation where the Mach line from the leading
edge of the root chord intersects the tip chord, that is, values of
AB < 1, cannot, In general, be obtained easily because of the fact that
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the calculation involves the consideration of interacting external flow
fields. The lower limit AB = 1 in this case is not very restrictive
except for very low aspect ratios at low supersonic Mach numbers.

In considering the curves given in figures 3 to 13, the following
facts should be kept in mind: (a2) The results are for a completely
isolated vertical tail, (b) the center-of-gravity location is assumed
to be at the tail spex, and (c) parameters used for nondimensionalizing
purposes are the area and span of the vertical tail. For other center-
of -gravity locations, analogous curves may be drawn by use of the pre-
sented data and the axes-transformation formulas given in table X.

Thus far, only the isolated vertlcal tail has been considered,
that is, the zero-end-plate solution. For comparison purposes, results
for several of the derivatives based on a complete-end-plate analysis
have been obtained and are presented in figures 14 and 15. The compar-
isone are shown for the side-force and yawing-moment derivatives due to
constant sideslip, steady yawing,.and constant lateral acceleration.
The complete-end-plate results for these tail derivatives are obtainable
from stabllity derivatives previously reported for symmetrical wings
(refs. 13, 15, and 18), provided modificetions are introduced to account
for (&) changes in nondimensionalizing paremeters, (b) correspondence of
wing and vertical-tail motions, and (c) preservation of sign convention
for positive sense of motion, moments, and so forth. The transformations
of symmetrical-wing derivatives into complete-end-plate derivatives for
vertical taills having the sasme plan-form geometry as the half-wing may
be summarized as follows:

Bxpression for Oy, - _1<EXpression for Cr, with wing)

aspect ratlo replaced by 24

I

2 £ th wi
Expression for Cpg __E.l;i_l;i_l_<%xPreSSion or Cp, wi n%)

38 (1 + N° aspect ratio replaced by 2A

Expression for

@
H
|

_2 1+ a2 ression for Cry with wing
28 (1 + N2 aspect ratio replaced by 2A

Expression for Cp . = 8 (1 + A+ AZ)Q ression for Cmq wilth wing
T ogal (1 + A4 aspect ratio replaced by 2A

FExpression for Oy, = -2 Lt A% %2<Expression for Cry with wing
B 3 (1 + )2 aspect ratio replaced by 2A
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sion for Cp g (L+ A+ A2) 2 ression for Op, with wing
Expres s = -
B 9a2 (1+ Nk aspect ratio replaced by 2A

where ch’ Cm&, CLq: Cmq, CI&’ and Cm@ are conventionally defined

wing derivatives (see, for example, p. 5 of ref. 18). TFor completeness,
previously reported results (ref. 10) for the half-delta vertical tail
with subsonic leading edges (i.e., AB< 2) are included in figure 1k.
Figures 14 and 15 indicate that for a given aspect ratio the effect of

an end plate decreases with increasing Mach number and that for a glven
Mach number the effect of an end plate decreases with increassing aspect
ratio. Although these conclusions epply specifically to those derivatives
presented, 1t 1s felt that similar evidence would be found for +the other
derivatives as well. The percentage differences between zero- and
complete-end-plate results vary of course with center-of-gravity location,
as well as with Mach number and aspect ratio, but in general are not too
large for the side-force and yawing-moment derivatives considered except
at the lower values of AB.

It should be remembered that the derivatives as presented herein
have been made nondimensional with respect to vertical-tail parsmeters
such as tail span b, tall area §, and the angles pb/V, rb/V, and
Bb/V. The magnitudes of the derivatives may, therefore, appear to be
quite large with respect to the expected tall contributions to the
derivatives for a complete airplane. The following factors should be
used in converting the presented analytical and numerical results to
corresponding derivatives (denoted in the following relationships by
subscript w) based on wing ares Sy, Wing span by, and angles pbw/EV,

rby/2V, and Bby/2V:
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CONCLUDING REMARKS

Expressions based on the application of linearized thin-alrfoil
theory for supersonic s8peeds have been derived for the velocity potentials
and pressure distributions due to varlous lateral motlons for a famlily of
thin isolated vertical teils of arbitrary sweepback and taper ratio.
Motlons consldered were steady rolling, steady yawing, and comnstant lateral
acceleration. Forces and moments, expressed In the form of stability
derivatives, were presented for the rectangular and half-delta vertical
tails. The results are, in general, applicable at those supersonic speeds
for which both the tall leading and trailing edges are supersonic. For
purposes of completeness, analogous results for sideslip motion obtained
primarily from other sources have been included.

The effects of a complete end plate on several of the side-force and
yawing-moment derivatives have been considered, and it appears that only
for relatively small values of the aspect-ratlio—Mach number param-

eter AVM2 - 1 4o the complete~ and zero-end-plate values differ signif-
icantly enough to warrant further study of finlte-end-plate corrections.
This statement may not be applicable for rolling motion, nor is it
necessarily true for rolling-moment derivetives in general.

An sdditional point of interest pertinent to the present investiga-
tion is that the results obtained for the yawing-moment derivatives due
to steady yawing and constant lateral acceleration Cnr and CnB may

be used to approximate the aerodynamic damping of the lateral oscillation
in yaw to the first order in fregquency. This epproximation to the lateral
demping 1s given by the expression Cnr - Cné and can be rapidliy calcu-

lated from the curves and formulas given herein.

Iangley Aeronautical Iaboratory,
Naetional Advisory Committee for Aeronsutics,
Iangley Field, Va., December 16, 195k.
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TABIE T

FORMULAS FOR POTENTIAL DISTRIBUTION DUE TO CONSTANT SIDESLIP

z A
IIT
L o< Mach lines
1'% IT
// B' /
L o -
x
=Y  (Teil is in xz-plane; B 1is positive;
V as shown is in xy-plane)
Region -
(see sketch) ®x,07,2)
T Ve(mx -~ z)
VB2m2 - 1
——_YB____EED{ - z) COs-l mx - Z(ZB]D - l) +
IT oyB2m2 - 1 mx - 2z
2\zm(x - Bz) (Bm - 1)]
— B J(mx - z)cos~lme =z + 2(1 + Bm)(z - b) ,
TIT :(UBeme - l{ mx - 2z
2\/(2 - b)(Bm + 1)[b(1 + Bm) - m(x + Bzﬂ}
v > (IT+ III - 1)
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TABLE IT

FORMULAS FOR PRESSURE~-DIFFERENCE COEFFICIENT DUE TO CONSTANT SIDESLIP

z A
IIT
I/ < Mach lines
/ IT \{
7
B S
0 X
-y
(Tail is in xz-plane; B is positive;
V as shown is 1n xy-plene)
Region AP ’
(see sketch) q (x,2)

T o bpm

VBemS - 1
T _ L gm cog-1 DX - z{2Bm - 1)

mx - z
n(Bem® - 1
ITT _ L pm cos-lmx-z+2(l+Bm)(z—b)
mx - 2z
2yBen? - 1

IV E (IT + IIT - I)
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TABLE IV

FORMUIAS FOR PRESSURE-DIFFERENCE COEFFICIENT DUE TO STEADY ROLLING

oy
I1T
T 1V Mach lines
N \d
/ I
v, ~
N

®y

-y

(Tail is in xz-plene; positive rolling)

Region
(see sketch)

%(X:Z)

_ hpm(BPmPz - mx)

t V’(Bem2 - 1)5/2
g A

V) (p2m2 - 1) Bo + 1

m2(x - B°z -1 mx + z{l -

Z 2 o e o)

_ hpm (e2rPz - mx)cos-L MX. = 2+ 2(1 + Bm)(z - Db)
:rV(Bam‘2 - 1)5/2 mx - 2z
ITT
2Bm/(z -'v) (Bm + 1) [p(1 + Bm) - m(x + Bz)]}

Iv > (IT + III - 1)
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TABIE VI

FORMULAS FOR PRESSURE-DIFFERENCE COEFFICIENT DUE TO STEADY YAWING

IIT

4<
o ]
A

0 X

-y
(Tail is in xz-plane; positive yewing)
Region
(see glicetch) %P-(X; z)
2r
I ml}mx(Bzmz -2) + EZ:I
S E— mx 2 . 2|cos-1 BX - 202Bm - 1
T o(52m? - 1)3/2 {[ (2%n® - 2) + :l — +
2(822 + Bn - 1) \/ma(Bau - 1) (x - Bz)}
hr {[z + moe(P2m2 - 2):|cos'l m -z + 2(1 + Bm)(z - b)
IIT rtV(Beme - ]_)5‘ 2 me - 2
2(3%n® -~ Bm - 1) \/(z - b)(Bm + 1)['0(1 + Bm) - m(x + Bz):]}
v > (ma+im-D
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TABLE VIII

FORMUIAS FOR PRESSURE-DIFFERENCE COEFFICIENT DUE TO CONSTANT IATERAI ACCEIERATION

-

(Te1l is in xz-plane; positive f 1in positive y-direction)

Reglon QE(x,z)
(see sketch) q
Ao - 2) (1 + mB)
. v(eem2 - 1)3/2
4p [B2(1 + w2 (mx - 2) cos=l mx = z(2Bn - 1)
IT (BPV(EPrE _ 1| B2 - 1 mX -z
= e LT
b [P+ e (e mw) o imx-ze2(eEm(z-)
T 252 - 11 Bon? - 1 ' o
ol1 - #(Begzm; . l- l)] \/(z - b)(Ba + 1)['b(l + Bm) - m{x + B?i]}
v > (e mIr-n




NACA TN 3373

STABTT.ITY DERTVATIVES FOR HATF-DELTA AND RECTANGUIAR ISOTATED VERTICAL TATTIS

TABIE IX

Derivative Half-delta tails Rectangular teills
(=) (b) (c) _
-k [ BB kAL L
“Tp BVAB + 2 B( 2AB)
16 AB 2.2
C"B 3ABV AB + 2 AB( BAB)
c, LB _aBe 1 - g<l - _1_)
g 3B \aB(4B + 2) B 24B
Cy _ L VaB(sB + 3) o8B -1
P 3B (a8 + 2)3/2 az?
CnP 2(AB + 3) 3AB - 2
VaB(aB + 2)3/2 352p2

_ 2A%B2 + 6AB + 3

Gy, _ 1+ bAB - 2UaPR? & 328383
5BVAB(AB + 2)3/2 2l aSgt
Cy,. SeaB+5) 2(343 - 1
3\/AB(AB + 2)3/2 34252
G _ __4B(2AB + 5) _ B(8AB ~
[aB(43 + 2)]3/ 2 6a383
Cy_ 2(3A°B2 + OAB + 5) 3AB - 1
3|:AB(AB + 2)] 3/2 34252
2
Oy, -8 B -AB-1 _2(B% 4 2 - 3pB)
B 382 \/AB(AB + 2)3 e
Cay Py L 38 - 8B + 6
B VaZB3(aB + 2)3 Ea3Eh
Cry _‘2_2_32+A232+3AB+3 B2+ 2 .- 3B
3 Va3B3 (s + 2)3 3425
& velocities and moments measured about the system of body axes shown
in fig. 2(b).

PResults valid for
CResults valid for

AB 2 2.
AB 2 1.
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TABIE X

TRANSFER-OF-AXES FORMULAS

Stability derivatives in a body
gystem of axes with origin.at
tail apex (see fig. 2(b))

Formulas for transfer to a body system
of axes with origin dilsplaced dis-
tances xo (positive forward) and
zo (positive downward) from the
tail apex (see fig. 2(c))

C
g

CnB
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(a) General plan form end pertinent symbols.

(b) Rectanguler tail.

|
>

Mach lines

(c) Half-delta tail.

Flgure 1.- Tail plan forms and assoclated data.
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rN b I
V . n LN,
) /3L'

(a) Body-exes system used for analysis. Free-stream velocity V.

///////,/7'50\/

(bp) Principal body-axes system used for presentation of stabllity
derivatives. Entire system moving with flight velocity V.

)
{ i)
Sh
/\\i‘
&k
<<
i[
N
o

p4

(c) Same type of axes system as (b) with origin translated.

Figure 2.- Systems of body axes. Posltive directions of axes, forces,
and moments indicated by arrows.
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Figure 3.- Curves for determining the stabllity derlvatives due to constent
sideslip CYB, Cnﬁ, and Czﬁ for isolated half-delte vertical tells

with supersonic leading edges. Derivatives based on vertical-tall
perameters b eand 8; principal body-axes system with orlgin at
lesding edge of root sectlon.
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Figure 4.~ Curves for determining the stability derivatives due to steady

rolling CYP’ Cnp, and Clp for isolated half-delta vertical teils

with supersonic leading edges. Derivatives based on vertical-tail
parameters b, S, and angle pb/V; principal body-axes system with
origin at leading edge of root section.
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Flgure 5.~ Curves for determining the stability derivatives due to steady
yawing Cy., Cnr’ and Czr for isolated half-delta vertical tells

wlth supersonlc leading edges. Derlvatives based on vertical-teil
peraweters b, S, and angle rb/V; principal body-sxes system with
origin at leading edge of root section.
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Figure 6.~ Curves for determining the stebility derivative due to constant
lateral acceleration Cyé for isolsted helf-delta vertical teils with

supersonic leading edges. Derlvative based on vertical-tall param-
eters b, S, and sngle Bb/V; principal body-axes system.
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Flgure T.- Curves for determining the stability derivative due to constant
lateral acceleration Cné, for isoleted helf-delta vertical tails wilth

supersonic leadlng edges. . Derivative hesed on vertical-tall parsm-
eters b, S, and angle fb/V; principal body-axes system with origln
at lesding edge of root section.
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Figure 8.- Curves for determining the stability derivative due to constant
lateral acceleration Clé for isolated half-delta vertlical talls with

supersonic lesding edges. Derivative based on vertical-tail parem-
eters b, 8, end angle fb/V; principal body-axes system wlth origin
at leading edge of root section.
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Figure 9.~ Curves for determining the stability derivatives due to

gopstent sldeslip Cy

vertlecal talls.

B’ Cnﬁ’ and CIB for isolated rectangular
Derivatives based on vertical-tail parameters b

end 8; principal body-exes system with origin at leading edge of

root rectlon.
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Figure 10.- Curves for determining the stebility derivatives due to steady
rolling CYP, Cnp, end C;  for 1sclated rectanguler verticel tells,
P

Derivatives based on vertical-tail paremeters b, 5, and angle pb/V;
princlpsl body-axes system with origin at lesding edge of root sectlion.
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Flgure 11.- Curves for determining the stablillty derivetives due to steady
yawing CYr’ Cnr’ and, Czr for lsolated rectengulasr verticel tails.

Derivetives based on vertical-tail perameters b, S, asnd angle 1b/V;
principal body-axes system with origin st leading edge of root section.
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Figure 12.- Curves for determining the stabllity derivetives due to con-
stant lateral acceleration CYé and. CIB Tor 1solated rectangulsr

vertical talls. Derivetives based on vertical-tail parameters b,

S, and engle fb/V; principal body-sxes system with origin et lesding
edge of root section. ‘
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Figure 15.- Curves for determining the stabllity derivetive due to con~
stant lateral ascceleration CnB Tor 1lsolated rectengular vertical

talls. Derlvative based on vertical-tall parameters b, S5, and
engle Bb/V; principal body-axes syetem with origin at leading edge
of root sectlon.
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(2) Constant sideslip.

Figure 4.~ Compariscns of zero- and complete-end-plate solutions for
the side-force and yaswing-moment derivatives due to several lateral
motions for half-delta vertical tails. Derivatives based on vertical-
tall paremeters b, S, and angles pb/V, rb/V, and éb/V; principal
body-sxes system with origin at leading edge of root section.
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(b) Steady yewing.

Figure 1h.- Continued.
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(c) Constant lateral acceleration.

Figure 14.- Concluded.
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- Figure 15.- Comparisons of zero- and complete-end-plate solutioms for the
side-force and yawing-moment derivatives due to seversl lateral motions
for rectanguler vertical tails. Derivatives based on vertical-tail

- peremeters b, S, and angles pb/V, rb/V, and fb/V; principal body-
exes system with origin at leading edge of root section.
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(c) Constent latersl saccelerstion.

Figure 15.- Concluded.
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